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Abstract CPU Scheduling has played a critical role in making efficient systems, It 
is the mechanism which allows one process to use the CPU for execution while other 
processes are put on hold because of unavailability of any required resource, with 
the aim of maximizing the CPU utilization and reducing the waiting time and the 
turnaround time. This paper presents a new Scheduling Algorithm, which supports 
preemption, reduces the turnaround time and the waiting time. To show its effective- 
ness, its comparison is done with other traditional scheduling algorithms including 
First Come First Serve, Shortest Job First, and Round Robin Scheduling Algorithm, 
and as a result it was found that the proposed algorithm provides a new and effective 
scheduling approach which reduces the average waiting time and average turnaround 
time in a much better way than the traditional approaches. 
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1 Introduction 


Computers have become an important part of today’s Information Age, due to their 
ability to perform several tasks simultaneously. Inside a computer, processors play 
a crucial role in decision-making, and calculation-related tasks. When processor 
has more than one process to execute, at that time scheduling algorithms [1] are 
required to manage execution efficiency of processes. CPU Scheduling is one of 
the fundamental concepts of Operating System, which are designed with the aim of 
maximizing the utilization of available system resources, resulting in a better, fair, 
and fast use of shared resources among the available processes. There are various 
traditional scheduling algorithms which were designed with the aim of better resource 
utilization, some of them are FCFS, SJF, and Round Robin scheduling algorithm [2]. 
There are many factors that require attention during the scheduling process, this 
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includes burst time, arrival time, and priority of the process, with the aim of reducing 
the average waiting time and average turnaround time [3]. We have studied various 
scheduling algorithms from existing literature. 

FCES (First Come First Serve)—This is one of the most earlier approaches 
which was used for scheduling purpose. This follows the ideology of “First Come 
First Serve”, i.e., assigning CPU time first to that process, which requested them first 
[4]. 

SJF (Shortest Job First)—In this approach, CPU is allocated to that process 
which has the smallest burst time available, i.e., the job with the shortest computation 
time is executed first. When a job first arrives, it is put inside the ready queue, and 
then the job which has the smallest burst time is chosen for execution [5]. 

Round Robin Scheduling—In this approach, a preemptive time-slicing is per- 
formed with the help of a time quantum or time slice. A time slice or time quantum 
is a small unit of time, due to which it can give the effect of all processors sharing 
the CPU equally with its given time quantum. 

This paper proposes a new CPU scheduling algorithm, which can be used for the 
same purpose, and when compared with other approaches, it shows comparatively 
good results. 


2 Related Work 


Kumar et al. [6] designed a method to suggest the length of the next CPU burst in 
SJE, and showed that approximate length of the next CPU burst is similar to the 
length of the previous request. Khan et al. [7] performed a comparative study over 
SJF and FCFS for similar priority jobs. Li et al. [8] improvised the FIFO algorithm 
by using fuzzy logic, and showed that it reduces the execution time for tasks and 
increases the resource utilization. Indusree et al. [9] suggested an improvement to RR 
by calculating the dynamic time quantum each burst time for processes present in the 
ready queue. Singh et al. [10] developed a multi-queue-based scheduling approach 
for cloud architectures. Lin et al. [11] showed that weighted RR performs better 
than FCFS in Hama architecture. Jha et al. [12] proposed a hybrid algorithm of RR 
and priority scheduling, which was an improvement over both traditional RR. In 
servers based on OpenFlow, Peng et al. [13] suggested a weighted RR algorithm 
that can be used for load balancing. Chaturvedi et al. [14] utilized improved RR 
in workflow applications in the cloud. Rao et al. [15] proposed a dynamic time 
calculation mechanism for RR for improving its performance. 


3 Proposed Scheduling Algorithm 


Let us assume a set of processes Po, Pj, Po,..., P, that are needed to be executed 
using the proposed scheduling algorithm. QUEUE is representing a queue type data 
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structure which holds those process which has been executed partially. Now, let us 
assume that there is a set ‘L’, which holds all those processes that are not completed 
and their Arrival Time is either less than or equal to the current time. Flowchart of 
the proposed algorithm is given in Fig. 1. 


Cyclic Scheduling Algorithm () 


Parameters Qo_p and Onew represent the dynamic time quantum, CNT represents an 
integer value that is used to decide the dynamic time quantum. RT is the remaining 
time of the selected process. Max and Min are maximum and minimum remaining 
time among processes that are either present in L or are in QUEUE. N represents the 
total number of active and arrived processes. 

Given below is the flowchart of the proposed scheduling algorithm (Fig. 1). 


Fig. 1 Flowchart of Cyclic 
Scheduling Algorithm C stan > 
Set L={ }, QUEUE = Null, CNT=0 and Q,..= 0 
Add new arrived Process to L. CNT = CNT+1 
From L, choose P_ = Select_Process( CNT ) 


No. of process in L==1 


TRUE FALSE 
Calculate time quantum Q,,.., 
Set Qoo™ Quew 
TRUE FALSE 


Set Qow= Quew =1 Set Quew = Qorw 


After running P, for Q,,,., time, Remove 
P. from L, and Add (P, , N, )to QUEUE. 


Calculate_Jump( ) 


All Process are completed. 
L== {} && QUEUE ==N 


FALSE 
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BEGIN 
Step 1: Set L={ }, QUEUE = Null, CNT =0 and Q,,.,, = 0. 
Step 2: Add all the new process that had arrived, in set L, and update CNT= CNT+1 


Step 3: P, = Select_Process( CNT ) 
Step 4: IF number of process in L == 


then 
IF QUEUE == Null 
then 
Qo = Qi = 1 
ELSE 
Quew - Qo 
end IF 
ELSE 


// calculating new time quantum. 
Qyew = mininum ( RT, , (Max — Min) /2, XRT/N ) 


Qo = Quew. 
//in above formula remove all zero values, and calculate Q.,.y (>= 1). 
end IF 


Step 5: After running P, for Q.,,, time, remove P, from L, and add (P,, , N,) to 
QUEUE, here N,, can be calculated as : 
N,= Nin + number of (P , N ) pairs present in QUEUE. 
Where, 
Nive Number of process in L + Number of process that just + 1 
arrived during this execution. 
Step 6: Calculate _Jump ( ) 
Step 7: IF All Processes are completed and L== { } and QUEUE == Null 
then 
Exit. 
Else 
Goto step 2. 
END 


Select_Process ( CNT ) 
This function is used to decide which process to be chosen for execution from set L. 
BEGIN 
Step 1: IF CNT % 2 == 
then 
return Process which have minimum remaining time in set L. 
ELSE 
return Process present in L and have arrival time closer to 
( Maximum Arrival time + Minimum Arrival time ) / 2. 
Maximum and Minimum are calculated among processes present in L. 
END 
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Calculate_Jump () 
This function is used to make use of dynamic time quantum to place processes back 
from QUEUE to set L. 
BEGIN 
Step 1: For each ( P;, N+) present in QUEUE 
IF Nx <= Number of (P, N ) pairs present in QUEUE. 
Then 
For each ( Py, Ny) present in QUEUE 
Ny= Ny- 1 
end For 
Remove (P:, Nr) from QUEUE. 
IF Remaining time of P; >0 
then 
Put process P, in set L. 
end IF 
end IF 
end For 
END 


4 Working Demonstration 


To better understand the proposed algorithm, we have considered a set of processes 
with burst and arrival times, so that the behavior of the new proposed scheduling 
algorithm can be easily understood (Table 1). 

Initially, we have P = { }, QUEUE = Null, CNT = 0 and Onew = 0. 

Table 2 shows the status of processes, after applying the proposed CSA. 

After applying the proposed scheduling algorithm, the waiting time and 
turnaround time of each process are evaluated, it is given in Fig. 2. 


Table 1 Sample data to demonstrate the procedure of Cyclic Scheduling Algorithm 


Process Arrival time Burst time 
PO 0 2 
Pl 0 3 
P2 2 1 


Table 2 Applying Cyclic Scheduling Algorithm 


Current time CNT ONEW SetL { } QUEUE 
0 0 0 {PO, P1} Null 

1 1 1 {Pl} (PO, 2) 
) 2 1 (PO, P2} (PI, 2) 
3 3 1 {P1, P2} (PO, 2) 
4 4 1 {Pl} (P2, 2) 
5 5 1 (} (P1, 1) 
6 6 1 { } Null 
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Fig. 2 Representation of 5 
individual turnaround and 4 
waiting time using Cyclic 4 
Scheduling Algorithm 
3 
a 
E 2 2 
= 
2 
1 1 
1 
0 
PO P41 P2 
Process 
@ Turnaround Time ®@ Waiting Time 
Table 3 Overall performance Parameise Value 
of the proposed scheduling 
algorithm on sample data Average turnaround time 2.66 
Average waiting time 0.66 


The overall performance of the algorithm can be determined by calculating the 
total waiting time and total turnaround time for the given sample of data. Using 
the above values of waiting time and turnaround time of the individual processes, 
the average turnaround time and average waiting time can be calculated, so that the 
overall performance of the proposed algorithm can be measured. In Table 3, the 
average turnaround time and average waiting time of the above processes is shown. 


5 Result and Discussion 


In the proposed algorithm, the outer loop containing set ‘L’ and queue ‘QUEUE’ 
makes sure that the algorithm has a cyclic nature for the execution of process, similar 
to that of round-robin algorithm. But instead of using the order in which the processes 
first arrived, our algorithm has an inner mechanism which helps in improving the 
algorithm’s performance by providing dynamic time quantum, and then selecting a 
process on the basis of arrival time and remaining time to execute in the outer loop. 

Cyclic Scheduling Algorithm is tested with various test cases on real data sets, 
and then the obtained result is further compared with FCFS, SJF, and Round Robin 
Algorithm. To show its effectiveness, four samples of data are taken for applying the 
scheduling algorithm, and then a comparison is done with FCFS, SJF and Round 
Robin scheduling algorithms (Table 4). 

In Fig. 3, average turnaround and average waiting time are obtained after applying 
each algorithm is given. 
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Table 4 Sample 1—Burst 
time in increasing order 


Fig. 3. Comparison of 
average turnaround and 
average waiting time of 
FCES, SJF, RR, and CSA 
scheduling algorithms 


Table 5 Sample 2—Burst 
time in decreasing order 


Table 6 Sample 3—Burst 
time in random order 
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Process Arrival time Burst time 
PO 0 2 
Pl 1 7 
P2 2 8 
P3 3 14 
13.25 13.25 

a 

= 

Ee 


FCFS 


SJF 


CSA 


Algorithm war 
@ Average Turnaround Time 


®@ Average Waiting Time 


Process Arrival time Burst time 
PO 0 14 

Pl 1 8 

P2 2 

P3 3 2 
Process Arrival time Burst time 
PO 0 2 

Pl 1 8 

P2 2 7 

P3 3 14 


Let us consider another sample of data to further check the result, Given below is 
the set of assumed data on which proposed scheduling algorithm is applied and then 
the comparison is done with other algorithms (Table 5). 

Given below is the graphical representation of the average turnaround and average 
waiting time obtained after applying each algorithm (Fig. 4). 

Similarly, consider another sample of data on which we first apply the proposed 
scheduling algorithm, and then a comparison is done with other algorithms (Table 6). 

For the above sample, the comparative analysis of performance obtained after 
implementing different scheduling algorithms is given in Fig. 5. 
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Fig. 4 Comparison of 
average turnaround and 
average waiting time of 
various scheduling 
algorithms 


Fig. 5 Comparison of 
average turnaround and 
average waiting time of 
various scheduling 
algorithms 


Table 7 Sample 4—Set of 
ten processes assigned with 
random values 


R. Kumar 
25 
20.5 
19.5 
20 
14.75 
Pe 11.75 
E 10.75 10.75 
fo 
10 
| | | , 
; { ie 
FCFS SJF RR CSA 
Algorithm used 
@ Average TurnaroundTime @ Average Waiting Time 
i 13.5 13.25 
10 95 
10 
E 
= 5.75 5.5 
5 
2.25 1.75 
1 is 
FCFS SJF RR CSA 
Algorithm used 
® Average Turnaround Time @ Average Waiting Time 
Process Arrival time Burst time 
PO 0 3 
Pl 1 14 
P2 2; 
P3 2 
p4 3 11 
PS 3 5 
P6 4 8 
P7 5 13 
P8& 6 9 
P9 6 


The fourth sample is generated by randomly assigning arrival and burst time to a 
set of ten processes (Table 7). 
Given below is the comparative analysis of different scheduling algorithms over 
the above set of processes (Fig. 6). 
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Fig. 6 Comparison of 50 444 
average turnaround and sr? 
average waiting time of 40 345 
various scheduling 30.2 
algorithms 30 26.8 
a 
i= 19.3 
= 
20 
97 10.5 
10 i 
o fF E 
FCFS SJF RR CSA 


Algorithm used 
@ Average Turnaround Time ® Average Waiting Time 


6 Conclusion 


In this paper, an advanced method is introduced which helps in the reduction of 
average turnaround time, and average waiting time required by a set of processes 
(having the same priority) of completing their tasks. Proposed algorithm provides a 
better approach for scheduling processes as compared to other traditional approaches. 
This algorithm provides a new way of scheduling processes, and also opens a way for 
developing new hybrid scheduling algorithms by combining the proposed algorithm 
with other traditional algorithms. Future research work can be done on adding a 
priority mechanism to the proposed algorithm. 
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